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. ‘to'play a large role.?2
Five-year survival rates range from approxunately 65%— .
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EACH YEAR, OVER. 182,000 WOMEN in the United States are

diagnosed.with breast cancer, and approxlmately 45,000 dic
of the disease.! Incidence appears to be increasing in the

" United -States at a sate of roughly 2% per year. The reasons

for the incréase are unclear, but non-genetic. nsk factors appear

83%, dependmg on demograpluc group, with a significant

" percentage of women experiencing recurrence of their cancer’

within 10 years of diagnosis. One of the factors most predic-

tive for recurrence once a diagnosis of breast cancer has been

made is the number of axillary Jymph nodes to which tumor
hes metastasized. Most node-posmve women are given adju-
vent therapy, whlch increases their survival, However, 20%-

--30%: -of -patients. without- aitillary. node. involvement also
develop recurrent disease, and the difficulty lies in how to iden-

tify this Iugh-nsk subset of patients, These patients could
benefit-front mcmased surveiilance; enrly intervention, and
treatment. © . .

Prognostic markess currently used in breast cancer recur~
rence prediction include timor size, histological grade, steroid
hommione receptor status, DNA ploidy, proliferative index, and
cathepsin D status. Expression of growth factor teceptors and
over-gxpression of the HER-2/neu oncogene have also been

identified as having value regarding treatment regtmen and’

prognosis.

- HER;—ZIneu (also known as c-erbBZ) is an oncogene that .
encodes a trarismembrane glyeopto“tem that is homologons -

o, but distinct from, the epidermal growth factor recepior.
Numerous studies.have indicated that hlgh levels of expres-
sion of this protein are assocmted ‘with rapld tumor growth,
certain forms' of therapy resistance, and shorter disease-free

sirvival. The genc has been shown to be amplified and/or

overexpressed in 10%-30% of invasive breast cancers and in
40%-60% of intraductal breast carcinoma.3 .
There are two distinct FDA-approved miethods by. which

- HER-2/neu status can be evaluated: unmunohnstochemlstry

(IHC, HercepTest™) and FISH (flucrescent in situ hybridiza-

~ tion, Patthszion‘m Kig). Both methods can be performed on

archived and current specimens. The first method allows visual

assessment of the amount of HER-2/neu protein present on .

the cel) membrané. The latter method allows direct quantifi-
cation of the level of genc.amplification present in the tumor,
enabling differentiation between low- versus high-amplifica-
tich. At least one study has demonsirated a difference in
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.recurrence nsk in women younger than 40 years of age fow
low- versas high-amphﬁed tumors (54.5% comppared to

"85.7%); this is compared to a recurrence rate of 16.7% for

patients with no HER-2/neu gene amphﬁcatiom4 HER-2men

. status may be particularly i importantto establlsh n womnen wnh .
small (=1 cm) tumor size. :

“The choice of methodology.for determination of HER-ZI "
neu status depends in part on the clinical setting. FDA appsoval
fox the Vysns FISH test was granted based on clinfcal trinls
involving 1549 node-positive patients. Patients received one
of three axﬂ‘mnt freatments consisting of différent doses of

+cyclophosphamide, Adnnmycin, and 5-fluorousaci] (CAF).
The study showed that patients with amplified HER-2/ncy
bepefited from treatment with higher doses of adriamycin-
based therapy, while those withnormal HER-2/neu Jevels.did -
not. The study. therefore identified a sub-set of women, who

" because they did not benefit from more aggressive treatment,

.did not need to be exposed to the associated side effects. In'
~addition, othér evidence indicates that HER-2/nes amplifica-- -
tion in node-negative patients can be used.as an independent

prognosnc indicator for early recurrence, recurrent diseaseat .

any time.and disease-related death.S Demonstration of HER<
2/neu gene amphﬁcahon by FISH has alsa.been showntobe
of value in predicting response to chemothen‘apy im stage-z
breast cancer patients.

Selestion of patients for Hercepﬁn© (’I‘rasnmnmmb) mono- -
cllonal antibody therapy, however, is based upon demenstms
tion of HER-2/neu protein overexpréssion using HercepTest™,
Studies using Hemepun@ in patients with metastatic broast
cancef show an increase in time to disease progression,
increased I resporise rate to chemotherapeutic agents and-a small
increase in overall survival rate. The FISH assays lmya nof yet

.been appwved for this purpose, and studics looking st response
.to Herceptin® in patients with or without gene amplification .
_status determined by FISH are ini progress.  °
In general, FISH and IHC résults correlate well, However, -
. subsets of tumors are found which show discordarit results;

_ i:e., protein overexpression without gene samplification or lack

“'of protein overexpression with gene amplification. The tlini-
cal significarice of such resilts is uncledr. Based on the above
considerations, HER-2/neu testing at SHMC/PAML will utls
lize immunohistochemistry (HercepTest®) as a screen, folo
lowed by FISH in THC-negative cases. Altematxvely, either
method may be ordered individually dependmg on the clmio

" cal setting or chmcsan preference.’
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CPT code information

HER-2/neu vla mcC
88342 (including mterpretwe repbn)

_HER-2/ney via FISH
88 %2 Molecular’ Cytogenetics, DNA probe each

‘88274 © Molccular cytogenetics, interphase in sit hybnd-
- Jization, analyze 25-99 cells
.88291.  Cytogenetics and molecular cytogeneucs, mtexpre-
fation and report .
Procednral Informatmn

' - "aniplification levels, and allows an estimate of the percentage

Immunohxstochemlstry is performed using the FDAqapproved
DAKO-antibody kit, Herceptest®. The DAKO kit contains

- reagents required to complete a two-step immunohisto-

chemical staining procedure foryoutinely processed, paraiﬁn

embedded spécimeéns. Following incubation with the primary - -
rabbit antibody to human HER-2/nen protein, the kit employs
@ ready-to-yse dextran-based visualization reagent. This re-
agent consists of both secondary goat anti-rabbit antibody - -
molecules with horseradish peroxidase molecules linked to a.

comrmon dextran polymer backbone, thus eliminating the need

quently added chromogen results in formation of visible
reaction product at the antigen site, The ‘specimen is then coun-
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. for sequemial application of link antibody and peroxidase "
: -comngated antibody. Enzymatic conversion of the subse- .

terstained; a patbologist 'psing light-microscopy intéiprets .

. _resulfs.

FISH analysis at SHMC/PAML is performed using the
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro-
duced by Vysis; Inc.. Formalin fixed, pa:afﬁn-embedded breast
tissue is processed using routine histological methods, and then

slides are treated to allow hybridization of DNA probes to the

nuclei present in the tissue section. The Pathvysion™ kit con-
tains two direct-labeled DNA probes, one specific for the

alphoid repetitive DNA (CEP 17, spectrum orange) present at .
- the clnomosomﬂ%senmmcre and the second for the HER-

27neu oncogens located at 17q11.2-12 (spectrum green). Eno-

" meration of the probes allows a ratio of the number of copies
of chromosome 17 to the number of copies of HER-2/neu to .

be obtained; this enables quantification of low versus high

of cells with. HER-2/neu gene amplification. The clinically

relevant distinction is whether the gene amplification is due

to incréased gene copy number on the two chromosome 17

. homologues normally present or an increase in the number.of

chromosome 17s ini the cells. In the majority of cases, ratio

“equivalents less than 2.0 are indicative of a normal/negative

result, ratios of 2.1 'and over indicate that amplification is
presentand to what degree, Interpretation of this data will be
perfom\ed and reported from the Vys:s-cemﬁed Cytogenet-

" ics }aboratory at SHMC.
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